A taste associated with emetic drugs produces conditioned disgust reactions in rats (predominantly gaping), unlike nonemetic drugs that can still produce conditioned taste avoidance but not conditioned disgust. That difference suggests nausea is a prerequisite for learning disgust reactions to tastes. 
Introduction
Although rats are incapable of vomiting, considerable evidence indicates that conditioned disgust reactions (primarily gaping) elicited by an illness-paired flavor (e.g., Grill and Norgren, 1978; Parker et al., 2008 Parker et al., , 2009 or an illness-paired context Rock et al., 2008) represent a model of nausea-induced behavior in rats. Unlike the traditionally employed measure of conditioned taste avoidance (CTA), conditioned gaping reactions are exclusively elicited by flavors paired with emetic treatments (but not by rewarding drugs; Parker, 1995) , and when systemically administered, anti-emetic treatments more effectively attenuate conditioned disgust than CTA (for review, see Parker et al., 2008 Parker et al., , 2009 . Effective anti-emetic [e.g., ondansetron (OND)] treatments attenuate vomiting (Matsuki et al., 1997 ) and the establishment of conditioned disgust (Limebeer and Parker, 2000) by reducing serotonin availability at the 5-HT 3 receptor Parker, 2000, 2003) . Forebrain serotonin plays a crucial role in the generation of these reactions, because selective 5,7-dihydroxytryptamine (5,7-DHT) lesions of the dorsal raphe nucleus and median raphe nucleus, which reduced forebrain serotonin by Ͼ85% (assessed in striatum and hippocampus), prevented LiCl-induced conditioned disgust, although CTA was spared ; see also Asin et al.,1980) . The forebrain structure critical for the production of nauseainduced conditioned disgust may be the insular cortex (IC), which is an area involved in the sensation of nausea in humans and other animals (Kaada, 1951; Penfield and Faulk, 1955; Fiol et al., 1988; Contreras et al., 2007; Catenoix et al., 2008) . Ablation of the IC prevents LiCl-induced conditioned disgust reactions (Kiefer and Orr, 1992) without modifying unconditioned disgust elicited by quinine. The IC is the site of topographical input of visceral (granular IC; Cechetto and Saper, 1987; Allen et al., 1991; Saper, 2004) and gustatory (dorsal agranular IC; Kosar et al., 1986; Lundy and Norgren, 2004) neural input. Although most gastrointestinal visceral sensory afferents to the insular cortex terminate in the posterior granular field (albeit anterior/dorsal region of this field; Cechetto and Saper, 1987) , most efferent projections from the insular cortex to autonomic structures originate in the more anterior agranular field (Allen et al., 1991; Saper, 2004; Bagaev and Aleksandov, 2006) . Neurotoxin-induced lesions of the region of the anterior IC consistently interfere with the establishment of LiCl-induced CTAs (Nerad et al., 1996; for review, see Reilly, 2009 ), but lesions of the more posterior region of primary visceral input to the IC (posterior IC or interoceptive IC; Contreras et al., 2007) do not interfere with LiCl-induced CTA (Mackey et al., 1986; Nerad et al., 1996) ; yet temporary lesions to the posterior IC do reduce behavioral signs of malaise induced by LiCl (Contreras et al., 2007) . Here, in a double dissociation, we demonstrate that 5-HT activity (at the 5-HT 3 receptor) in the posterior IC may selectively produce the nausea-induced reactions of conditioned disgust, while activity in the anterior IC may be involved in the production of CTA learning.
Materials and Methods

Subjects
Male Sprague Dawley rats were obtained from Charles River Canada and singly housed in polycarbonate cages (44 ϫ 25 ϫ 21 cm). Subjects were provided with food pellets (Highland Rat Chow) ad libitum. The animal quarters were kept on a reversed 12 h light/dark cycle (lights on from 1900 to 0700 h) and maintained at 22 Ϯ 2°C and 45 Ϯ 20% relative humidity. All animals were handled before testing, and the guidelines set out by the Canadian Council on Animal Care Committee and the Animals for Research Act were followed. The experiments were approved by the University of Guelph Animal Care Committee.
Drugs
LiCl (Sigma) was prepared in a 0.15 M solution with sterile water and was administered intraperitoneally (i.p.) at a volume of 20 ml/kg (127.2 mg/ kg). Ondansetron (Sigma) was prepared in sterile saline at both 0.1 g/l and 1 g/l and intracranially microinfused into either the anterior IC or posterior IC, at a rate of 1 l/min for 1 min. The drug mCPBG (Research Biochemicals International) was also prepared in sterile saline at 10 g/l and 30 g/l and intracranially microinfused at a rate of 1 g/min into either the anterior IC or posterior IC.
Surgical procedures
Bilateral 5,7-DHT insular cortex lesion. Thirty minutes before surgery, rats were pretreated with desipramine [10 mg/kg mixed in 0.9% (w/v) NaCl and administered at a volume of 1 ml/kg i.p.; Sigma] to inhibit the uptake of 5,7-DHT (5,7-DHT creatinine sulfate, free base; Sigma) by noradrenergic neurons and prevent depletion of norepinephrine (NE) (Baumgarten et al., 1978) . The neurotoxin 5,7-DHT is taken up by 5-HTcontaining neurons and results in degeneration of axons and terminals containing 5-HT. Rats were anesthetized with isoflurane gas (4 -5% induction, 1.5% maintenance in O 2 ), and the skin was prepared by cleaning with soap (Bacti-Stat; Ecolab) and wiping with 70% isopropyl alcohol followed by 7% betadine solution (Purdue Products). The rat was then administered a 5 mg/kg injection (i.p.) of the anti-inflammatory/analgesic drug carprofen (Rimadyl; Pfizer) and a local anesthetic (0.1 ml; s.c.; Marcaine; Hospira) on either side of the skull. Once the rat was stabilized in the flat skull position (according to Paxinos and Watson, 2007) in the stereotaxic frame, a 30 gauge stainless steel cannula was bilaterally lowered to three sites in the IC, and 6 g/2 l 5,7-DHT (creatinine sulfate, free base), dissolved in a 0.1% ascorbic acid vehicle and delivered in a total volume of 0.7 l, was infused over a period of 2 min. The cannula was then left in place for 4 min following infusion before being raised and moved to the next two bilateral IC sites, where the same infusion procedure was followed, after which the cannula was removed. The shamlesioned rats underwent the same surgical procedure, except that 0.1% ascorbic acid vehicle was infused in place of the neurotoxin. The coordinates relative to bregma were: ϩ1.2 mm anteroposterior (AP), ϩ5.2 mm mediolateral (ML), Ϫ4.6 mm dorsoventral (DV) (site 1); 0.0 mm AP, ϩ6.0 mm ML, Ϫ4.8 mm DV (site 2); and Ϫ1.2 mm AP, ϩ6.2 mm ML, Ϫ4.8 mm DV (site 3). Immediately following completion of the surgical procedure and recovery from anesthesia, the rats were returned to their home cages and monitored daily for the duration of the experiment. They were allowed to recover for 1 week before surgical implantation of an intraoral cannula as described by Limebeer et al. (2010) .
Bilateral cannulation of the posterior IC or anterior IC. Rats were implanted with bilateral indwelling guide cannulas into either the posterior IC (Experiments 2a, 3, and 4a) or the anterior IC (Experiment 2b and 4b). The stereotaxic surgery procedure was similar to that of Experiment 1, except that in Experiments 2a, 3, and 4a the guide cannulas (22 gauge, 6 mm below pedestal) were set at a divergent 10°angle and lowered into the posterior IC using the following coordinates from bregma: Ϫ0.5 mm AP; ϩ5.0 ML; Ϫ4.5 DV (Contreras et al., 2007) , and in Experiments 2b and 4b, the stainless steel guide cannulas (22 gauge, 6 mm below pedestal) were lowered into the anterior IC using the following coordinates from bregma: ϩ1.5 mm AP, ϩ5.0 mm ML Ϫ4.5 mm DV. All guide cannulas were stabilized by six screws secured in the skull and dental cement. Once the dental cement had hardened, a stainless steel obdurator was inserted in the guide cannula to maintain patency. Immediately following removal from the stereotaxic frame, the rats were surgically implanted with an intraoral cannula (as described in detail by Limebeer et al., 2010) .
Behavioral procedures
Experiment 1: effect of bilateral 5,7-DHT IC lesions on LiCl-induced conditioned gaping. Three days after the implantation of the intraoral cannula, all rats received two adaptation trials to the taste reactivity (TR) procedure separated by 24 h. The rat was placed into a clear Plexiglas TR chamber (22.5 ϫ 26 ϫ 20 cm) sitting on a table with a glass top. The room was dark with two 60 W lights on either side of the chamber. The rat's intraoral cannula was attached to an infusion pump (model KDS100; KD Scientific) via an infusion tube inserted through the opaque lid of the chamber. Three minutes after being placed in the chamber, the rat was infused with water for 3 min at a rate of 1 ml/min. The first conditioning trial occurred 24 h later.
During the two TR conditioning trials (spaced 72 h apart), the rat was placed in the TR chamber and 3 min later was intraorally infused with 0.1% saccharin solution at a rate of 1 ml/min. The orofacial and somatic responses were video recorded (Sony DCR-HC48) from a mirror beneath the chamber placed at a 45°angle that facilitated viewing of the rat's ventral surface. Immediately following the saccharin infusion, the rat was injected with LiCl. The final groups after tissue analysis were sham/LiCl (n ϭ 4) and lesion/LiCl (n ϭ 4). There were no saline control groups in this experiment, because rats do not display conditioned gaping reactions when infused with a saline-paired saccharin solution (Parker, 1988) ; therefore, there would be no gaping reactions to be reduced by 5,7-DHT lesions. Seventy-two hours following the second conditioning trial, each rat received a TR test trial. The rat was placed in the TR chamber and 3 min later was intraorally infused with the 0.1% saccharin solution for 3 min (1 ml/min), and its orofacial reactions were recorded. Seventy-two hours later, the rats received a quinine TR test to determine whether the lesions modified the rats' reactivity to an unconditionally aversive taste. The rats were individually placed into the TR chambers and infused (1 ml/min) with a 0.05% quinine solution for 2 min. The rats' orofacial and somatic responses were video recorded.
Experiment 2: effect of bilateral intracranial (2a: posterior IC; 2b: anterior IC) administration of OND on establishment of LiCl-induced conditioned gaping and CTA. Experiment 2a (posterior IC) and 2b (anterior IC) were conducted similarly to Experiment 1, except that the rats were administered intracranial microinfusions of the 5-HT 3 antagonist OND or vehicle (VEH) immediately before both conditioning trials. Following two adaptation trials separated by 24 h, the rats received two conditioning trials and a test trial, each separated by 72 h. On each of the two conditioning trials, the rats were bilaterally microinfused with VEH or 0.1 g/l or 1 g/l OND for 1 min into the posterior IC (Experiment 2a) or the anterior IC (Experiment 2b). The injector was then left in place for 1 min following the infusion before being removed. Immediately after the infusions, the rats were conditioned as in Experiment 1; that is, 3 min following placement in the TR chambers, they received a 3 min intraoral infusion of 0.1% saccharin solution, followed immediately by an injection of LiCl. The drug-free TR test was conducted 72 h later. In Experiment 2, the rats also received a 120 min two-bottle consumption test 24 h after the TR test trial, having been water deprived for 16 h. The finals groups (following histology) were: Experiment 2a (posterior IC): VEH (n ϭ 8), 0.1 OND (n ϭ 9), and 1 OND (n ϭ 8); and Experiment 2b (anterior IC): VEH (n ϭ 8), 0.1 OND (n ϭ 9), and 1 OND (n ϭ 8).
Experiment 3: effect of intracranial (posterior IC) administration of mCPBG on the establishment of LiCl-induced conditioned gaping and CTA.
Experiment 3 was conducted similarly to Experiment 2a, with the exception that the rats were microinfused with 30 g/l mCPBG (a 5-HT 3 agonist) immediately before both conditioning trials. During conditioning, 3 min following placement in the TR chamber, all rats received an intraoral infusion of 0.1% saccharin solution for 3 min, followed immediately by an injection of LiCl. The drug-free TR test was conducted 72 h later. As in Experiment 2, the rats received a 120 min two-bottle consumption test 24 h after the TR test trial, having been water deprived for 16 h. Following histology, the final groups were 30 g of mCPBG (n ϭ 7) and VEH (n ϭ 8).
Experiment 4: effect of intracranial administration (4a: posterior IC and 4b: anterior IC) of mCPBG following saccharin exposure on the production of conditioned gaping and CTA. Experiment 4a investigated whether microinfusions of the 5-HT 3 agonist, mCPBG, into the posterior IC would induce conditioned gaping. Therefore, after the intraoral saccharin infusion in both conditioning trials, all rats were microinfused with either 0 (VEH), 10, or 30 g of mCPBG instead of receiving LiCl injections. Three minutes following placement in the TR chambers, all groups received a 3 min intraoral infusion of 0.1% saccharin solution, followed immediately by an microinfusion of either 0 (VEH), 10, or 30 g of mCPBG, a 5HT 3 agonist. In addition, a separate group was pretreated with 0.1 g of OND immediately before the intraoral saccharin infusion, which was followed by an infusion of 30 g of mCPBG. A drug-free TR test was conducted 72 h later. As in Experiments 2 and 3, the rats received a 120 min twobottle consumption test 24 h after the TR test trial, having been water deprived for 16 h. Following histology, the finals groups were: VEH (n ϭ 10), 10 g of mCPBG (n ϭ 10), 30 g of mCPBG (n ϭ 9), and OND-30 g of mCPBG (n ϭ 10).
Experiment 4b was identical to Experiment 4a, except that following the intraoral infusion of saccharin solution, the rats were microinfused into the anterior IC with either VEH or 30 g of mCPBG.
Following histology, the final groups were VEH (n ϭ 8) and 30 g of mCPBG (n ϭ 8).
Behavioral measures
The videotapes from the TR conditioning and test trials were scored by observers blind to the experimental conditions using "The Observer" (Noldus) event-recording program. Disgust reactions were defined by the gaping (large openings of the mouth and jaw, with lower incisors exposed), which is the most sensitive and predominant conditioned disgust reaction (Breslin et al., 1992; Parker, 1995) that is reliably scored by raters with an inter-rater reliability greater than r ϭ 0.90. Also, the amount of time that rats spent displaying hedonic reactions [tongue protrusions (extensions of the tongue out of the mouth) and mouth movements (movement of the lower mandible without opening the mouth)] and locomotor reactions (forward locomotion and horizontal rearing) were measured. However, in none of the experiments did our manipulations of interest modify hedonic or locomotor reactions; therefore, they will not be presented in the results or discussed. The amounts of saccharin and water consumed in the 120 min two-bottle CTA tests were converted to saccharin preference ratios (saccharin/[saccharin ϩ water]).
Verification of 5,7-DHT lesions and histology
In Experiment 1, following completion of behavioral testing, rats were decapitated and their brains were removed. The IC, medial prefrontal cortex, hippocampus and striatum were dissected on ice, rapidly frozen over dry ice, and stored at a temperature of Ϫ80°until high performance liquid chromatographic assays were conducted, using the Waters 600 multisolvent pump (Waters Corporation), a 250 ϫ 4.6 mm column with ODS2 5 m packing material (Hichrom), a Coulochem 5100A detector with a 5020 guard cell and a 5011 analytical cell (ESA), a TSP AS3000 refrigerated autosampler (Thermal Separation Products), and a SP4290 integrator (Spectra Physics). The extent of the 5,7-DHT lesions was determined indirectly by measuring 5-HT, 5-hydroxyindole acetic acid (5-HIAA), dopamine (DA), and noradrenaline (NE) levels in each of these brain regions following extraction in 0.1 N perchloric acid containing 2 M sodium bisulphate as an antioxidant. Biochemical verification of lesions was defined as 5-HT levels Ͻ40% of mean sham control levels in the IC (Tran-Nguyen et al., 2001 ); a total of three rats in the lesioned group did not reach this level and were excluded from the analysis. In Experiments 2-4, cannula placements into the posterior IC and anterior IC were evaluated by histology. Rats were deeply anesthetized using an 85 mg/kg injection of Euthansol (Intervet Canada) followed by transcardial perfusion with phosphate-buffered saline (0.1 M) and 4% formalin. The brains were removed and stored at 4°C in 4% formalin solution for 24 -48 h, after which they were placed in a 20% sucrose solution overnight at room temperature. The brains were then sliced in 60 m sections using a CM1850 Leica cryostat, and relevant sections were mounted on glass microscope slides. The tissue was stained with cresyl violet 24 h later and examined for accurate cannula placement using a Leica MZ6 stereomicroscope with a Leica DFC420 digital camera and Leica Application Suite software. Rats with improper cannula placements, such as those located outside of the target region or who were not bilateral, were excluded from the behavioral analyses. Accurate bilateral posterior IC placements (Experiments 2a, 3, and 4a) were between Ϫ0.24 and Ϫ0.72 mm posterior of bregma. Accurate bilateral anterior IC placements (Experiments 2b and 4b) were between 1.68 and 1.20 mm anterior to bregma.
Data analysis
For Experiment 1, independent t tests between lesion and sham groups were conducted on the levels of 5-HT, 5-HIAA, DA, and NE in the IC, dorsal striatum, medial prefrontal cortex, and hippocampus. In each of the experiments, the number of gapes was analyzed as a factorial ANOVA with group as a between-groups factor and trials as a within-group factor. In Experiments 2-4, the saccharin preference ratios from the two-bottle CTA test were analyzed as a single factor ANOVA. Bonferroni post hoc tests were conducted as appropriate. Significance for all analyses was defined as p Ͻ 0.05. Nonsignificant F values are not reported.
Results
Experiment 1: effect of bilateral 5,7-DHT IC lesions on LiCl-induced conditioned gaping Bilateral 5,7-DHT lesions of the IC significantly and exclusively reduced 5-HT and 5-HIAA levels in IC. As seen in Table 1 , treatment with 5,7-DHT reduced IC 5-HT levels by 76% compared to shams, (t (6) ϭ 4.1, p ϭ 0.006), an effect that is supported by the significantly lower concentration of the 5-HT metabolite, 5-HIAA, in the same area, (t (6) ϭ 3.2, p ϭ 0.019). The reduction of 5-HT and 5-HIAA was exclusive to the IC, as there were no significant decreases in the dorsal striatum, mPFC, or hippocampus. There was no effect of lesion on the levels of either DA or NE in the IC, dorsal striatum, mPFC, or hippocampus.
Bilateral 5,7-DHT IC lesions impaired the establishment of LiCl-induced conditioned gaping reactions. Figure 1 presents the mean number of gapes displayed on each trial by the various groups. The 2 ϫ 3 mixed factors ANOVA revealed significant effects of group (F (1,6) ϭ 10.2; p ϭ 0.018), trial (F (2,12) ϭ 33.0, p Ͻ 0.001), and group ϫ trial (F (2,12) ϭ 9.1, p Ͻ 0.004); on both conditioning trial 2 ( p Ͻ 0.05) and the test trial ( p Ͻ 0.01), the sham group displayed significantly more gapes than the lesioned group, indicating that bilateral 5,7-DHT IC lesions impaired the establishment of conditioned gaping. When the number of gapes was evaluated as a single factor repeated-measures ANOVA across trials for each group, both sham/LiCl (F (2,6) ϭ 22.1; p ϭ 0.002) and lesion/LiCl (F (2,6) ϭ 14.5; p ϭ 0.005) displayed a significant effect of trials; both groups displayed more gaping on the test trial than on C1 ( p Ͻ 0.05), but only group, sham/LiCl, displayed more gaping on C2 than on C1 ( p Ͻ 0.05). Therefore, the partial lesions did not completely block the establishment of LiCl-induced conditioned gaping reactions.
The final quinine TR test revealed that lesioned rats and sham rats did not differ in reactivity to an unconditionally aversive test [mean (Ϯ SEM) number of gapes elicited by 0.05% quinine solution: lesion/LiCl ϭ 15.2 Ϯ 4.1; sham/LiCl ϭ 17.5 Ϯ 2.4 (t (6) ϭ 0.5, n.s.)]. Figure 2A . The tips of the injectors were bilaterally located in the posterior IC between Ϫ0.24 mm and Ϫ0.72 mm posterior to bregma for a total of 25 rats. Fifteen rats were excluded from the analysis because these rats either had inaccurate placements that were located outside of the posterior IC or were not bilateral. Microinfusions of the 5-HT 3 antagonist, OND, into the posterior IC during conditioning impaired the establishment of conditioned gaping elicited by LiCl-paired saccharin solution but did not affect CTA. The mean number of gapes displayed by all groups across trials is presented in Figure  3A . The 3 ϫ 3 ANOVA revealed a significant effect of group (F (2,22) ϭ 3.3; p ϭ 0.05), trial (F (2,44) ϭ 17.1; p Ͻ 0.001), and group ϫ trial (F (4,44) ϭ 2.9; p ϭ 0.03). Single factor ANOVAs for each trial revealed a significant group effect only during the drugfree TR test trial (F (2,24) ϭ 3.7; p ϭ 0.04; on the test trial the rats receiving bilateral microinfusions of either dose of OND to the posterior IC during conditioning gaped significantly less than saline controls ( p Ͻ 0.05). In addition, the data for each group across trials were assessed as single factor repeated-measures ANOVA. Groups VEH (F (2,14) ϭ 9.3; p ϭ 0.003) and 1.0 OND (F (2,14) ϭ 4.2; p ϭ 0.038) displayed a significant effect of trials, and the trials effect for group 0.1 OND was marginally significant (F (2,16) ϭ 3.4; p ϭ 0.057). Each group displayed more gaping reactions on the test trial than on C1 ( p Ͻ 0.05), and only group VEH displayed progressively more gaping on each trial in succession ( p Ͻ 0 0.05). Therefore, although OND delivery to the posterior IC impaired the establishment of LiCl-induced conditioned gaping, it did not prevent this conditioned disgust reaction.
When delivered to the posterior IC, OND did not modify the establishment of CTA (Fig. 3B) . The groups did not significantly differ in their saccharin preference in the 120 min two-bottle conditioned taste avoidance test.
Experiment 2b (anterior IC)
The accurate injector tip placements (circles) in the anterior IC are presented in Figure 2B . The tips of the injectors were bilaterally located in the anterior IC between 1.68 and 1.20 mm anterior to bregma for total of 25 rats. A total of 14 rats either had placements outside of the anterior IC or were not bilateral. In contrast to Experiment 2a, intracranial microinfusions of the 5-HT 3 antagonist, OND, into the anterior IC did not interfere with the establishment of conditioned gaping elicited by a LiCl-paired saccharin solution, but did attenuate CTA. The mean number of gapes displayed by all groups across all trials is presented in Figure  4A . The 3 ϫ 3 ANOVA revealed only a significant effect of trial A B Figure 3 . A, Mean (Ϯ SEM) number of gapes elicited by a 3 min infusion of a LiCl-paired 0.1% saccharin solution across trials for the posterior IC groups: 1 g of OND (n ϭ 8), 0.1 g of OND (n ϭ 9), and VEH (n ϭ 8) in Experiment 2a. Both doses of OND (0.1 and 1 g) significantly reduced the number of gapes during the drug-free test compared to VEH (*p Ͻ 0.05). B, Mean (Ϯ SEM) saccharin preference ratio (saccharin solution/[saccharin solution ϩ water]) in a 120 min two-bottle consumption test for the posterior IC groups: 1 g of OND (n ϭ 8), 0.1 g of OND (n ϭ 9), and VEH (n ϭ 8) in Experiment 2a. There were no group differences.
(F (2,44) ϭ 27.8, p Ͻ 0.001), with the number of gapes increasing across trials for all groups. However, neither the dose nor the dose ϫ trial interaction was significant.
On the other hand, as seen in Figure 4B , intracranial administration of OND to the anterior IC attenuated LiCl-induced CTA, with a significant effect of group (F (2,22) ϭ 3.4; p ϭ 0.05); subsequent comparison tests revealed that at a dose of 1 g, but not 0.1 g, and OND pretreated rats displayed a weaker CTA than VEH pretreated rats (p ϭ 0.05).
Experiment 3: effect of intracranial posterior IC administration of mCPBG on the establishment of LiCl-induced conditioned gaping and CTA The tips of the injectors were bilaterally located in the posterior IC between Ϫ0.24 and Ϫ0.72 mm posterior to bregma for total of 15 rats. A total of 10 rats were excluded from the analysis because their placements were either inaccurate or not bilateral. Bilateral intracranial microinfusions of 30 g of mCPBG into the posterior IC during conditioning trials significantly enhanced conditioned gaping reactions to a LiCl-paired saccharin solution, but that did not affect LiCl-induced CTA. The mean number of gapes displayed by both groups is presented in Figure 5 . The 2 ϫ 3 repeated-measures ANOVA revealed only significant main effects of group (F (1,13) ϭ 6.7; p ϭ 0.02) and trial (F (2,26) ϭ 28.9; p Ͻ 0.001) with no interaction. Overall, rats pretreated with the 5-HT 3 agonist mCPBG displayed significantly more LiClinduced gaping than controls. When 30 g of mCPBG was delivered to the posterior IC, it did not modify the strength of the LiCl-induced CTA. Group mCPBG/LiCl (mean Ϯ SEM ϭ 0.07 Ϯ 0.007) did not significantly differ from group VEH/LiCl (mean Ϯ SEM ϭ 0.10 Ϯ 0.03) in preference for LiCl-paired saccharin (t (13) ϭ 0.97; n.s.).
Experiment 4: effect of intracranial administration (4a: posterior IC and 4b: anterior IC) of mCPBG following saccharin exposure on the production of conditioned gaping and CTA Experiment 4a ( posterior IC) The tips of the injectors were bilaterally located in the posterior IC between Ϫ0.11 and Ϫ0.83 mm posterior to bregma for total of 39 rats. A total of 15 rats were excluded from the analysis because their placements were either inaccurate or not bilateral. When paired with a saccharin solution, bilateral intracranial microinfusions of 30 g of mCPBG into the posterior IC produced conditioned gaping reactions, and this effect was blocked by 0.1 g OND pretreatment, but it did not produce a CTA. The mean number of gapes displayed by all groups is presented in Figure  6A . The 4 ϫ 3 ANOVA revealed a significant effect of group (F (3,35) ϭ 10.0; p Ͻ 0.001), trial, (F (2,70) ϭ 6.5; p ϭ 0.003), and group ϫ trial (F (6,70) ϭ 4.8; p Ͻ 0.001). Subsequent single factor ANOVAs for each trial revealed that the number of gapes significantly differed among groups on C2 (F (3,35) ϭ 7.0; p ϭ 0.001) and during the drug-free test trial (F (3,35) ϭ 6.9; p ϭ 0.001). Rats receiving bilateral microinfusions of 30 g of mCPBG into the posterior IC gaped significantly more than all other groups on C2 ( p Ͻ 0.01) and test ( p Ͻ 0.01). The single factor ANOVA of saccharin preference ratios (Fig. 6B) among the groups, however, Figure 4 . A, Mean (Ϯ SEM) number of gapes elicited by a 3 min infusion of a LiCl-paired 0.1% saccharin solution across trials for the anterior IC groups 1 g of OND (n ϭ 8), 0.1 g of OND (n ϭ 9), and VEH (n ϭ 8) in Experiment 2b. The groups did not differ significantly on any trial. B, Mean (Ϯ SEM) saccharin preference ratio (saccharin solution/[saccharin solution ϩ water]) in a 120 min two-bottle consumption test for the anterior IC groups: 1 g of OND (n ϭ 8), 0.1 g of OND (n ϭ 9), and VEH (n ϭ 8) in Experiment 2b. Intracranial administration of 1 g of OND weakly attenuated LiCl-induced CTA relative to infusion of VEH (*p Ͻ 0.05). was not significant. When delivered to the posterior IC, mCPBG did not produce a CTA.
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Experiment 4b (anterior IC)
The tips of the injectors were bilaterally located in the anterior IC between ϩ1.68 and ϩ1.20 mm anterior to bregma for total of 23 rats. A total of six rats were excluded from the analysis because their placements were either inaccurate or not bilateral. When explicitly paired with saccharin solution, bilateral intracranial microinfusions of 30 g of mCPBG into the anterior IC produced a very weak CTA relative to group VEH, but not conditioned gaping. The 2 ϫ 3 repeated-measures ANOVA of the gaping reactions revealed no significant effects (Fig. 7) . However, rats receiving pairings of a saccharin solution with anterior IC infusions of 30 g of mCPBG (mean Ϯ SEM ϭ 0.65 Ϯ 0.053) displayed significantly lower saccharin preference ratios (t (14) ϭ 2.3, p ϭ 0.039) than those conditioned with VEH (mean Ϯ SEM ϭ 0.80 Ϯ 0.033).
Discussion
Conditioned disgust reactions are a more selective measure of the nausea-inducing effects of drugs than is conditioned taste avoidance (for review, see Parker et al., 2008) . Partial depletion of serotonin in the entire IC impaired (but did not completely prevent) the establishment and/or expression of LiCl-induced conditioned disgust reactions in rats but did not modify unconditioned gaping elicited by bitter quinine. Saline controls were not included in the experiment because rats do not display conditioned gaping when re-exposed to a saline-paired saccharin solution (e.g., Parker, 1988) . Application of 5,7-DHT to the IC substantially reduced 5-HT levels in that region. The fact that 5-HT levels were not significantly altered in the striatum, hippocampus, and mPFC suggests that the toxin was successfully confined to the intended target site. The results provide strong evidence that 5-HT projections to the insula are required for the conditioned gaping response, although we cannot rule out the possibility that damage to putative collateral projections of these serotonergic neurons to other brain regions may also contribute to this effect.
Experiments 2-4 evaluated the regional specificity in the establishment of these behavioral reactions. The results of Experiment 2 revealed a regionally specific double dissociation in the effects of the 5-HT 3 antagonist OND on LiCl-induced conditioned gaping reactions and on LiCl-induced CTA. That is, when administered to the region of the IC with primary visceral input, the posterior IC, both doses of OND (0.1 and 1 g) attenuated (but did not completely prevent) the establishment of LiClinduced conditioned gaping but did not modify CTA. On the other hand, when administered to the region with primary gustatory input, the anterior IC, OND (1 g but not 0.1 g) produced a very weak attenuation of the strength of a LiCl-induced CTA but did not modify conditioned gaping. Given that intracranial administration of OND to the posterior IC reduced LiClinduced conditioned gaping reactions, Experiment 3 evaluated whether infusion of the 5-HT 3 agonist mCPBG into the posterior IC would enhance the establishment of these reactions. Indeed, activation of the 5-HT 3 receptors enhanced the gaping reactions elicited by LiCl-induced saccharin solution. Since the 5-HT 3 antagonist reduced LiCl-induced gaping and the 5-HT 3 agonist en-A B Figure 6 . A, Mean (Ϯ SEM) number of gapes elicited by a 3 min infusion of a 0.1% saccharin solution that was paired with the posterior IC administration of: VEH (n ϭ 10), 10 g of mCPBG (n ϭ 10), 30 g of mCPBG (n ϭ 9), or 0.1 g of OND-30 g of mCPBG (n ϭ 10) in Experiment 4a. Bilateral infusion of 30 g of mCPBG produced more gaping than the 10 g of mCPBG and VEH on C2 ( p Ͻ 0.01) and on the test trial ( p Ͻ 0.01), which was blocked by OND pretreatment. B, Mean (Ϯ SEM) saccharin preference ratio (saccharin/[saccharin ϩ water]) in a 120 min two-bottle consumption test for the posterior IC groups: VEH (n ϭ 10), 10 g of mCPBG (n ϭ 10), 30 g of mCPBG (n ϭ 9) and 0.1 g of OND-30 g of mCPBG (n ϭ 10) in Experiment 4a; the groups did not differ. hanced LiCl-induced gaping when administered to the posterior IC, it is reasonable to suggest that activation of 5-HT 3 receptors is a factor that plays a role in the generation of the sensation of conditioned disgust within this region of the IC (Penfield and Faulk, 1955; Contreras et al., 2007) .
In Experiment 4, administration of the 5-HT 3 agonist mCPBG to the posterior IC or to the anterior IC was explicitly paired with an intraorally infused saccharin solution. Bilateral microinfusions of 30 g of mCPBG into the posterior IC produced a low level of conditioned gaping (which was blocked by 0.1 g of OND pretreatment) but did not produce CTA. In contrast, bilateral microinfusions of 30 g of mCPBG relative to VEH into the anterior IC produced a suppression of saccharin preference but did not produce conditioned gaping reactions. Since conditioned gaping reactions are selectively produced by emetic treatments and are attenuated by systemic administration of anti-emetic drugs (e.g., Parker et al., 2009) , the results of the present experiments suggest that the activation of 5-HT 3 receptors in the posterior IC by 5-HT may be necessary for the establishment of these nausea-induced behaviors in rats. Indeed, Contreras et al. (2007) reported that temporary lesions of this region of the IC also attenuate the LiCl-induced malaise reaction of lying on the belly (see Parker et al., 1984; Tuerke et al., 2012) in rats. This region of the IC monitors interoceptive input that regulates homeostasis (Craig, 2002; Saper, 2004) . Although most gastrointestinal visceral sensory afferents to the IC terminate in the posterior granular field (albeit anterior/dorsal region of this field; Cechetto and Saper, 1987) , most efferent projections from the IC to autonomic structures (including the NTS) originate in the more anterior agranluar field (Allen et al., 1991; Saper, 2004; Bagaev and Aleksandov, 2006) .
The finding that OND delivered to the anterior IC selectively attenuated CTA is consistent with the literature regarding effects of IC lesions on CTA learning. Damage to the anterior IC has been reported to attenuate (but not eliminate) LiCl-induced CTA (e.g., Braun et al., 1972; Hankins et al., 1974; Lasiter, 1982; Lasiter and Glanzman, 1985; Dunn and Everitt, 1988; Bermú dez-Rattoni and McGaugh, 1991; Nerad et al., 1996; Roman and Reilly, 2007) , but damage to the posterior IC has been reported to be ineffective in attenuation of LiCl-induced CTA (Mackey et al., 1986; Nerad et al., 1996) . The effects of 5-HT 3 antagonism in the anterior IC mirror the effects of NMDA lesions of the basolateral amygdala (BLA) on gaping and CTA (Rana and Parker, 2008) ; that is, reduced CTA but not gaping. Indeed, the anterior IC and the BLA are directly interconnected (Allen et al., 1991) , and they are functionally interrelated in the acquisition and retention of CTA (Burecsová, 1978; Buresová et al., 1979; Yamamoto et al., 1981) .
Functional magnetic resonance imaging investigations have shown that the human insula responds to images of disgusting stimuli, including foods, scenes, smells, or facial expressions of disgust that evoke sensations of illness (Phillips et al., 1998; Calder et al., 2001 Calder et al., , 2007 Heining et al., 2003; Murphy et al., 2003) . Penfield and Faulk (1955) observed that electrical stimulation of the human insula produces sensations of nausea, unpleasant tastes, and sensations in the stomach. Calder et al. (2000) report that a patient, NK, with damage to the insula, showed a marked and selective impairment in recognizing the facial expression and vocalization of disgust, as well as his own responsiveness to disgust-provoking scenarios.
The posterior IC has recently been shown to be essential in drug craving as well as malaise in rats (Contreras et al., 2007; Hollander et al., 2008; Forget et al., 2010) , and in humans damage to the insula promotes termination of cigarette smoking (Naqvi et al., 2007) immediately with no relapse (Naqvi et al., 2007) . Inactivation of the posterior IC also produces decreased nicotine self-administration under both fixed and progressive ratio schedules without affecting the self-administration of food (Forget et al., 2010) . As well, this inactivation prevented reinstatement following extinction of nicotine seeking induced by nicotineassociated cues or by a nicotine prime, but not reinstatement of food seeking. The effect on addiction-related behavior is not specific to nicotine-maintained responding, because Contreras et al. (2007) demonstrated that temporary inactivation of the posterior IC also prevented the urge to seek amphetamine in a place preference task. These authors suggest that this region of the IC may serve as a gauge of deviations from a "well being state" that are present in states of addiction or nausea-inducing treatments. Nausea may therefore be produced by the activation of 5-HT 3 receptors in the posterior IC, which produces conditioned gaping reactions in rats that are re-exposed to the flavor with which it is paired. As well, LiCl-induced nausea is reduced by inhibition of 5-HT 3 receptors in this region. On the other hand, serotonin activation in the anterior IC appears to be at least partially involved in the production of CTA. Delivery of the 5-HT 3 antagonist OND directly to this region resulted in a weak attenuation of a LiCl-induced CTA, and central administration of the 5-HT 3 agonist mCPBG to this region produced a weak CTA.
